Summary The effect of systemic therapy on tumour oestrogen receptor (ER) concentration has been studied in 88 patients with large, operable, primary tumours (total 89) of the breast. In 26 patients, tumour was not available for study on one occasion (usually post-treatment). Forty-five patients were treated initially by endocrine therapy but, of these, 13 who had failed to respond went on to receive chemotherapy also. Seventeen patients with low concentrations of ER (<20 fmol mg-' protein) were treated directly by chemotherapy. Patients underwent an incisional biopsy for confirmation of diagnosis and determination of pre-treatment ER by radioligand binding assay, followed by systemic therapy for 3 months (or 6 months for both endocrine and cytotoxic therapies). Following 3 months of systemic therapy (6 months when patients received both endocrine and cytotoxic therapies), patients proceeded on to mastectomy and axillary lymphnode clearance. When residual tumour was present within the mastectomy specimen, a portion was selected for ER assay by the pathologist.
Studies of the effect of therapy on the oestrogen receptor (ER) concentration of breast cancer have previously relied upon examination of different tumour deposits (Taylor et al., 1982; Hamm & Allegra, 1988) . Since these deposits may differ in biological characteristics, including the concentration of ER (Hoehn et al., 1979; Hawkins et al., 1981) , this may lead to erroneous conclusions. We have previously reported the treatment of patients with large operable breast cancers by primary systemic therapy, with direct observation of response and eradication of residual local disease by planned locoregional surgery 3-6 months later (Forrest et al., 1986; Anderson et al., 1989) . This method of treatment has allowed the study of the concentration of ER, both before and after systemic therapy, within the same tumour mass (primary tumour).
Methods

Patient population
We attempted to measure oestrogen receptor concentration, both before and after systemic therapy, in 88 patients with large (mean clinical diameter >4 cm) operable (T2 or T3, No or N1 and MO) cancers of the breast: one patient had two tumours and thus there was a total of 89 tumours. In 26 patients, the tumour specimen was inadequate (see below) on one or more occasions: this left 62 patients (with 63 tumours) for study. These patients form part of a larger series which will be reported in full elsewhere (Anderson et al., in preparation) .
Twenty-six patients were premenopausal and 36 were postmenopausal in that it was greater than one year since their last menstrual period. The mean age of the population was 53 years (range 34-69 Following 3 months of systemic therapy (6 months when patients received both endocrine and cytotoxic therapies), patients proceeded on to mastectomy and axillary lymphnode clearance. When residual tumour was present within the mastectomy specimen, a portion was selected for ER assay by the pathologist.
In both pre-and post-treatment specimens, a section was cut from the face of the tissue portion used for receptor analysis, fixed in formol-saline and stained with haematoxylin and eosin to permit histopathological confirmation of the presence of tumour. Twenty-six patients in whom either the pre-or post-treatment specimen contained <10% tumour, as assessed by the pathologist, have been excluded from the study: these include, for example, 11 patients who achieved a complete clinical response to chemotherapy. Thus of the whole group, both pre-and post-treatment specimens were available in 62 patients (63 tumours).
Correlation of changes in ER concentration with changes in histology To examine the correlation between any changes in ER concentration and histopathology, 12 paired (pre-and posttreatment) tumour samples were independently examined by Dr T.J. Anderson, Department of Pathology, and graded as to whether they showed major differences in morphology or not between the pre-and post-treatment specimens.
Statistical analysis
The relationship between the pre-and post-treatment specimen ER concentrations was examined using the paired t test after logarithmic transformation of the data.
Determination of oestrogen receptor activity Oestrogen receptor activity was determined by saturation analysis (Hawkins et al., 1975 (Hawkins et al., , 1981 The overall intra-assay precision on a pool of minced uterine tissue was 15.4% (n = 5). Inter-assay precision on lyophilised powders (no homogenisation step) was 17.8% (n = 10) at low levels (27 fmol mg-' protein) and 11.7% at higher levels (90 fmol mg-' protein); on two pools of minced uterine tissue (including homogenisation) it was 25.5% (n = 144) at low levels (48 fmol mg-' protein) and 17.0% (n = 48) at a higher level (111 fmol mg-' protein). aGeometric means calculated after logarithmic transformation ± one standard deviation. bPatients on tamoxifen have been excluded (n = 6). 'n = number of tumours, one patient having two tumours. dTumour diameter was measured and response was classified as described previously (Anderson et al., 1989) . The results were converted to a tumour volume to give a better indication of tumour bulk, using the formula 4/3wr3, where r = mean tumour radius.
As a control, the change in tumour volume for these two response groups was also examined. As expected, the group of patients showing significant regression, taken as a whole, exhibited a highly significant decrease in tumour volume. Although the remaining patients individually did not show a significant reduction in tumour volume, as a group they also exhibited a small decrease.
Examination of the relationship between changes in ER and change in tumour volume in individual patients (data not shown) equally did not reveal any consistent pattern.
Changes in ER concentration in relation to tumour morphology Although most treatments were, on average, without significant effect on ER concentration, in some individual patients there were large changes in tumour ER. In order to see if these related to tumour heterogeneity and sampling, the histological sections from 12 paired (pre-and post-treatment) tumour specimens were examined by the pathologist, in the absence of any knowledge of the ER concentration.
Of six paired tumour specimens showing a 'large' change in receptor concentration, four showed major differences in morphology between the pre-and post-treatment specimens. By contrast, none of the six paired specimens from patients showing little or no change in ER concentration exhibited any striking difference in histopathological appearance.
Discussion
This study has demonstrated that, on average, tumour ER concentration is little changed by most forms of systemic therapy. Large changes in tumour ER concentration in individual patients were probably related to tumour heterogeneity (Hawkins et al., 1977a; Van Netten, 1985; Senbanjo et al., 1986) . Patients on tamoxifen, however, did show a marked fall in receptor concentration during therapy; this was almost certainly due to interference by tamoxifen or its metabolites in the ligand-binding assay, as noted by Hull et al. (1983) . In the present study, patients treated by medical or surgical oophorectomy showed only a slight, but insignificant rise in tumour ER concentration. In a large number of patients with fibroids, treated with the LHRH agonist, zoladex, however, a similar but significant rise in the concentration of ER in the uterine tissues has been observed (Lumsden et al., 1989) .
Previous studies in patients with breast cancer (Taylor et al., 1982; Hamm & Allegra, 1988; Toma et al., 1986) and in experimental animals (Vignon & Rochefort, 1976; Hawkins et al., 1977b; Cho-Chung et al., 1978) have shown a decrease in receptor concentration after endocrine manipulation or, as in the present study, no consistant change (Hull et al., 1983; Mobbs et al., 1987) . The conflicting results,in human breast cancer may derive from the inclusion of patients on tamoxifen (Taylor et al., 1982) , which causes a marked apparent reduction in ER concentration (this study and Hull et al., 1983) or from the difficulties in comparing different tumour deposits (Taylor et al., 1982; Hamm & Allegra, 1988) .
In summary, ER concentration in breast tumours changed little after most common forms of systemic therapy, even in regressing tumours. Thus, in general, a marked change in ER concentration does not appear to be a component of the mechanism by which tumours are initially influenced by systemic therapy.
